Multisensory learning is considered a relevant pedagogical framework for education since a very long time and several authors support the use of a multisensory and kinesthetic approach in children learning. Moreover, results from psychophysics and developmental psychology show that children have a preferential sensory channel to learn specific concepts (spatial and/or temporal), hence a further evidence for the need of a multisensory approach. In this work, we present an example of serious game for learning a particularly complicated mathematical concept: fractions. The main novelty of our proposal comes from the role covered by the communication between sensory modalities in particular, movement, vision, and sound. The game has been developed in the context of the EU-ICT-H2020 weDRAW Project aiming at developing new multimodal technologies for multisensory serious-games on mathematical concepts for primary school children.
INTRODUCTION 1.Background
Literature shows a vast agreement about multisensory learning and its benefit in education contexts [7] , [18] , [17] , but, despite this, current technologies do not still sufficiently include and take into account this evidence and the same can be argued on the game design for education. Furthermore, at school quite all the teaching is conducted using almost exclusively the visual channel, leaving quite no space for the other sensory modalities. However, recent scientific research states that the visual channel is not always the more powerful and effective perceptive channel for learning, as we can read in [13] and [11] showing that children have a preferential sensory channel to learn specific concepts (spatial and/or temporal). Technology has been widely developed to include sensors and mobile devices for embodied interaction in learning, however none of them sufficiently exploited multisensory integration for teaching, grounding on these psychophysics evidences. In this work, we present technological solutions for enabling an innovative methodology for education, involving multisensory and adaptive learning supported by a game integration. The idea is to find, through psychological experiments, the sensory modality that suits best according to the child's needs and the concepts to be taught, and to use this modalities in a game environment to train her. In other words, our approach exploits multisensory feedback starting from a full-body movement interaction. Furthermore, we base our approach on music, as an effective medium to understand algebraic concepts. The idea of mediating learning through performing arts is not completely new and there is some evidence from neuroscience and cognitive science that stress the positive role of music in the educational context. Besides, there is a quite immediate association between music and arithmetic, based on the suggestion that temporal sequences are at the base of rhythm and that there is an immediate relation between music elements and numerosity. One of the major contribution of games and applications that exploit multisensory feedback is to provide the same opportunities to both typical and impaired children (e.g., sensory modalities which are impaired can be replaced by other modalities), helping teachers in their educational work and in creating easily a positive inclusion experience in the class.
UNDERSTANDING FRACTIONS THROUGH THE BODY
Besides the traditional school teaching where learning is primarily based on the visual channel, in our prototype arithmetic is naturally linked to music expression; there are, in fact, numerous elements, i.e., pitch, melody, rhythm, tempo and more on, that are in relation with numbers and fractions and this link is recognized since ancient times. Arithmetic (as geometry) is also largely based on symbolic representation. However, if we change the learning perceptive channel, or we associate more channels together, we do not change necessarily the way of learning. For this reason, in this prototype we use not only a multisensory framework, but we associate a multimodal experience with a full-body interaction in an active learning approach to create knowledge acquired by doing and stored as a motor response. In this paper, we focus on a particular teaching element: fractions. Fractions are a struggling concept for children to be learnt. Particularly, the problems to face are:
• Understanding the relation between the 'whole'and the 'unit'in fractions, both for typical and visually impaired children.
• Equivalences between fractions (e.g., 2 4 and 1 2 ).
• Understanding the relation between the denominator of the fraction and the unit, so that having a larger number as a denominator does not mean to have a bigger fraction but a smaller one.
• Fractions that exceed the unit.
• The relation between fractions and percentage, particularly for visually impaired children, that do not have the practical experience of what percentages are and where and how they are used.
In literature, we can find a quite general consensus on using positively music to teach mathematical concepts and enhance spatialtemporal reasoning or reading abilities, e.g., see [9] , [12] , [16] , [15] . Music training, in fact, can improve phonological deficits that can cause dyslexia in children [14] and it has been discovered that six months of music training can positively affect spatial-temporal reasoning [5] . Moreover, students that have private music lessons perform significantly better on mathematics than students who did not have music lessons, with a positive relevance for students who play keyboards [10] .
Another interesting suggestion we received from previous research, is the special relation between music and mathematics related to rhythmic pattern. Moreover, it can be proved that by working on music rhythmic elements, a quite natural learning is obtained about arithmetic elements such as the fractions related to those rhythmic elements [1] . Identifying and using a variety of rhythmic patterns, in fact, helps children to develop the ability to better organize their information and relating these patterns to numbers and measurements helps them to understand the connection to mathematical topics.
In the game prototype we present, we take into account all the interdisciplinary suggestions we mentioned here. We design, then, the Fraction Body game, based on the insight that we can see our body as the body of a fraction, where the upper limbs represent the numerator and the lower limbs the denominator. The child can explore different kind of fractions, receiving an audio-visual feedback, and interacting through the body with the system. 
Design and Architecture
The game has been developed in the context of the weDRAW project. Its implementation is based on the EyesWeb XMI software platform [4] , [3] , [2] . EyesWeb is a software platform used in several applications for real-time dance, music, and rehabilitation and multimedia apps.
In this particular implementation, the developed application maps body movements onto video and audio, to let the children experience multisensory learning, understanding the connection between proprioceptive feedback and feedback from the other modalities, creating and understanding the mentioned association between arithmetic and music. Furthermore, it has also been demonstrated that interactive sonification and multimodal experience can effectively improve cognitive abilities and learning processes [6] , [8] . The game we propose is used in the classroom and its set-up consists of a Kinect V2, connected to a PC, using the EyesWeb XMI platform [4] to manage the development, execution and evaluation of the serious game.
One of the major difficulties, as we mentioned above, is to design a clear relation between the 'whole'and the 'unit'used as reference, in all sensory modalities, to make the same concept of fraction understandable for everyone, despite cognitive, learning or sensory impairment.
The serious-game we present is designed as follows:
• The interaction is based on child's limbs movement tracked with Kinect V2; • The game is designed to be played by one child at time and the feedback provided is an audio/video feedback; • The game UI is designed using Unity and connected to EyesWeb XMI. The game has the following features:
• It has a multilevel structure to be suitable for each child, according to learning target and individual needs; • During a gaming session, movement data are stored in order to perform analysis and compute evaluation on child's performance and progression.
Game Session
Our pedagogical target is to teach children the concept of fractions in a general way i.e., the relation between the fraction and the unit and between different types of fractions. We design and propose a game based on the metaphor of the body as a fraction representation. When the game starts, the child can explore different types of fraction moving her/his limbs to create the numerator (upper limbs) and denominator (lower ones) of the fraction and listening to the different rhythmic pattern produced (see Figure 1 ). Child's arms and legs aperture is measured and mapped to sound. Aperture is detected by the system and internally quantized in the following interval: [1, 10] . The game interface will ask the player to reproduce a randomly generated fraction, displaying a numerator and a denominator, e.g., 3 10 . The child try to reproduce by moving her/his arms and legs (widening and resting) guided by the auditory feedback, until the desired required fraction is reached. The auditory feedback we propose is very simple: a "beep" with a default pitch and frequency.
The frequency is measured in bpm (beat per minute). When the arms and leg aperture are equivalent, the system recognize a unit (e.g., 3 3 ) then the typical heart beat rate is mapped into the sound model, i.e., 60 bpm. If the numerator is larger than the denominator, two changes are applied to the auditory feedback:
• bpm is increased;
• pitch is increased;
The maximum bpm and the highest pitch are reached if the player maintains a very small amplitude in the arms equivalent to number 1, and very large amplitude on legs, equivalent to 10.
In addition to the rhythmic feedback, the system presents a visual representation of the fraction and an audio/visual comment helpful to link the fraction the child made with the body and experienced as an audiovisual stimulation, to its specific symbolic arithmetic representation (e.g., 1 2 , 1 4 and so on). This last point is particularly relevant from an educational point of view, since as teachers and educators explained us, one of the difficulties in understanding fractions for children is to understand the relation between the quantities itself and how that quantity is symbolically represented in arithmetic.
CONCLUSION AND FUTURE WORK
The game we propose is a first prototype of a multilayer serious game to teach arithmetic concepts. The pre-and post-test to study the efficacy of this methodology and design will be conducted starting from September in primary schools both in Italy and in the UK. Based on the results we will collect, we will extend the game grounding on the evidence we will have from psychophysics and pedagogical and technical areas, to better design the multimodal and multisensory full-body interaction and game experience.
